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1 Introduction 
1.1 What are cloud systems? 
Cloud systems are not a new technology. The technology was developed with 
introduction of laptop PCs, PDAs, smart phones and devices based on information sharing via 
the internet in 1990s. A necessity of fast data sharing occurred with development of devices 
that are able to connect to the internet and process data from personal computers, laptops and 
even laboratory measurement instruments. Sharing services are provided by cloud systems for 
every device that is able to connect to the internet and process given data. The best of these 
systems are provided with a user friendly interface and for example a cloud storage could be 
used as second hard disk drive with data sharing feature for colleagues, friends, or whoever will 
be given the access to the cloud in desktop computer connected to a cloud. 
1.2 Why is sharing so important? 
In contemporary world it is very important to share the information as it helps to improve 
working process and it also accelerates the working procedures. Especially in current days when 
there is bigger need to send for example measured data to colleagues to another department in 
different city. The thesis is focused on practical use of cloud systems in a NGO because I have 
a lot of experience with it as I am a member of a non-profit organization. Cloud systems are 
used during every project we work on. Wide sharing possibilities were the reason why we 
decided to use cloud systems. 
1.3 What cloud systems will be this thesis focused on? 
There are, of course, multiple cloud systems that could be used. The thesis is focused 
exclusively on a several free-to-use types. The first cloud system we used was Dropbox1. 
Google2 Drive was later developed by Google and some useful applications for online sharing 
of tables, documents and presentations – Google Apps – were added. 
Microsoft3 365 and OneDrive are the newest cloud systems by Microsoft. Further 
description of all mentioned cloud services will be provided later in the thesis. 
                                                 
1
 Dropbox is registered trademark and it subjects to copyright laws. It is used in this thesis for educational purposes 
only. 
2
 Google, Google Drive, Google Apps, Google Docs, Google Sheets, Google Slides are registered trademarks and 
they subject to copyright laws. They are used in this thesis for educational purposes only. 
3
 Microsoft, Microsoft Windows (including all versions), Microsoft Office, Microsoft Office 365, OneDrive, 
Word, Excel, and PowerPoint are registered trademarks and they subject to copyright laws. They are used in this 
thesis for educational purposes only. 
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1.4 Advantages and disadvantages of cloud systems 
The thesis will also be focused on an analysis of the main advantages and disadvantages 
of cloud systems because each of them has its own particular features. The comparison will be 
held from technical/user point of view and available storage space will be compared. Next 
comparable feature is the amount of supported devices and eventually user interface will be 
compared. 
1.5 Goal of the thesis 
The thesis is focused on quite large field of current technology. The goal is to compare 
and determine the best cloud system, which can be used for project management according to 
needs of a non-profit organization (NGO). There are established six evaluation criteria. 
Initial storage space of a cloud service – the criterion is established because this service 
changes according to service provider and sharing of files is very important for project 
management in NGO. 
Upload and download speeds of cloud service – speeds of upload and download determine 
time spend on each project and thus it is crucial to choose the fastest possible service. 
Sharing possibilities – sharing possibilities determine what rights can be assigned to 
individual users. A lot of files are shared among NGO members but there are also files that are 
shared outside of NGO and these are usually meant to be read or comment only. 
Editing possibilities - editing of stored documents is necessary and a possibility to edit 
documents directly in cloud service save time and it usually provides other benefits such as 
simultaneous editing of more users. 
Simultaneous editing – the editing of documents simultaneously by more users is crucial 
as it allows to make corrections of documents in real time and it also allows user to witness i. e. 
meeting protocol remotely. 
Shared folder in PC hard drive – a possibility of shared folder in PC hard drive is a great 
advantage of current cloud systems as it allows users to share files and documents by dragging 
them into folder without necessity of sharing them via cloud page in the internet browser. 
The best cloud solution for non-profit organization is then recommended for future 
project planning as it may simplify future project execution. 
  
 3 
 
2 Cloud systems in general 
2.1 Basic description of cloud systems 
Cloud systems4 are two or usually more connected servers that allow data access from 
remote positions via the network. To simplify, the server is a remote storage accessible from 
any device that is able to connect to the network. It is not necessary to connect the network to 
the internet. The server allows to store any data in the cloud storage. Cloud storage allows 
installation of applications. Installed applications can be started from anywhere where the 
internet connection is available, there can also be some preinstalled applications. These 
applications are not necessary to be installed to user’s computer or other device and they can 
be run directly in an internet browser if data are accessed on cloud from a personal computer. 
2.2 Cloud types 
There are two types of cloud systems divided according to a purpose. These types are 
divided later into more specific types according to Sosinsky (2011) [1]. Deployment types 
division of clouds is based on a management and location of cloud infrastructure. Service 
models are divided according to types of services provided by a cloud provider. 
2.2.1 Deployment types 
Deployment types of cloud systems are divided into four main types varying according 
to access to the cloud and according to an owner of the cloud. 
Private clouds are handled by users themselves. It is also possible to put management of 
cloud hardware and software to third party and keep it solely as a user. Anyway hardware and 
software are kept up to date by user himself and consequently it can be financially expensive. 
It could also be time consuming as cloud hardware maintenance operations are user’s duty too. 
In case of maintenance services provided by the third party it would probably be again very 
expensive. On the other hand private clouds are owned by the user and stored data are secured 
from third party users. 
Public cloud is the second type of cloud deployment. There is no fundamental difference 
in connection structure between public and private clouds. The advantages of cloud 
management by third party are the biggest difference and the cloud is usually free or based on 
pay per use model. A safety consideration comes in light when public cloud services are 
                                                 
4
 Cloud system is a set of devices and also software that works as a whole unit. 
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accounted. The cloud system is managed and owned by third party and providers usually own 
rights to use stored data for marketing and advertising purposes. 
Hybrid cloud systems combine features of two or more cloud systems. Hybrid cloud 
systems could be compounded of private and public clouds. The advantage of the hybrid system 
is the fact it can use the best properties of each system – a better computing performance of 
public clouds and the safety of private clouds. 
Community cloud systems are used mostly only for computing procedures. The division 
of a complex problem into smaller parts and processing of each smaller part is less expensive 
for both hardware and software. Community cloud is mostly used by companies or individuals 
with common interests or requirements. 
Cloud systems according to Sosinsky (2011) [1] are divided into deployment type and 
service models. Deployment type division was described above. Services models division will 
be discussed below. 
2.2.2 Service models 
Sosinsky (2001) [1] claims there are three types of cloud systems divided according to 
provided services5. 
The first model is SaaS model – Software as a Service – it is a type where the software is 
provided service. Software is run remotely in this type of cloud systems and outputs are 
displayed in devices. 
IaaS – Infrastructure as a Service – is the second type of model and it provides computing 
power as a service. This cloud model is mostly used for computations of various measurements. 
The last service model according to Sosinsky is PaaS – Platform as a Service – it is a 
cloud system that provides computing power as IaaS but includes also an operating system to 
operate the computing power directly by preinstalled application. 
The thesis is mostly focused on Platform as a Service type of cloud systems. These types 
are for example Google Apps or Microsoft 365. The description of models and types is 
according to Sosinsky (2011) [1]. 
                                                 
5
 Cloud service is a service of provided cloud system by a provider. 
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3 Cloud system services comparison 
Cloud system services and these described in this chapter are used for project 
management in a non-profit organization IAESTE LC Brno. The thesis is focused solely on 
cloud system services used for project management in NGO and particular project (further 
description of the project will be provided in sixth part of the thesis). Cloud services mentioned 
in the thesis are PaaS model according to Sosinsky (2011) [1]. 
IAESTE LC Brno is international, non-government, non-profit, students’ organization 
and its key goal is to provide international internships for students of technical studies. Beside 
its main purpose the organization focuses on helping students to find a career or a job in some 
Czech company or a company located in the Czech Republic. To achieve such a goal the 
organization developed several projects. The most challenging with respect to preparations and 
time consumption is the career fair described below. Following with iKariera Catalogue, job 
portal iKariera.cz, and a few more. The interest of IAESTE is also in improvement of students’ 
life during their studies and that is why the organization issues Students’ Diary and organizes 
events for students such as Coffee Day, Tea Day, or IAESTE Day at their faculties [2] 
The name of the project for testing is iKariera Career Fair at Brno University of 
Technology and systems described below will be tested for use in this project or are currently 
used. The environment and devices on which systems are used are various according to personal 
equipment of every member. To simplify, the cloud must be runnable on Windows OS, Mac 
OS, and Ubuntu as well as on mobile devices operating systems Android, iOS, and Windows 
Mobile. 
3.1 Dropbox 
3.1.1 Features 
Dropbox was founded in 2007 [3] as simple cloud storage drive. Dropbox is supported 
by the general operating systems as Microsoft Windows, OS X and Linux. There are also 
Android and iOS applications and ports for BlackBerry OS and Symbian are also available so 
Dropbox can be installed almost on every desktop or portable device. 
3.1.2 Advantages 
Dropbox is free of charge. The most important think is a possibility of extension of the storage. 
Initially the user is provided with two GB of storage. The storage is extended only if necessary 
conditions are met. The conditions are inviting friends and colleagues to Dropbox, completing 
“Get Started” guide, connecting Dropbox account with a Facebook or Twitter account, 
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downloading Dropbox Mailbox to a portable device and a few more. Up to 18 GB of storage 
space could be earned by sharing and fulfilling the conditions mentioned above. Special offers 
for more free space are sometimes published. It is also possible to buy storage space up to one 
TB. 
General folder is displayed in computer’s hard drive after Dropbox application installation. 
Depending on application setup, every file is synchronized in cloud storage and it is accessible 
from any computer or device with the internet connection and proper software. Files are 
accessible both, via application or via web browser. There is also possibility to obtain a link to 
a file for sharing directly from shared folder. 
Any folder or file uploaded to Dropbox can be shared. There are two sharing possibilities. The 
file or folder can be shared with both, an individual user or a group of users who do not even 
need to have a Dropbox account. Shared files and folders are set as read only for these users. 
Public folder is mostly used for sharing with people without the Dropbox account. A permanent 
link is linked to the folder so if the link for Public folder is sent to a user, the user will have 
permanent access to owner’s Public folder. The second sharing possibility is again with an 
individual or a group of users with an active account. Access to uploaded files is granted to all 
users with permission and the files can be edited by them. 
A history of stored files is saved by Dropbox which is taken as a great advantage since any 
older version of files are allowed to be viewed and accessed [3]. 
3.1.3 Disadvantages 
If there is a need of more storage space it is necessary to pay for it and 2 GB of free space 
is not much. Storage space can be increased by inviting friends up to 20 GB but it is quite time 
consuming. However, with some special Dropbox offers it is easy to earn for example 23 GB 
of free space by linking the account to a new HTC or Samsung device but the offer is made for 
two years only. 
A new user account must be created for a new user if the user is supposed to edit shared 
files. This is also connected with a fact that shared files consume free space in Dropbox account. 
If somebody is provided with a Dropbox account of 3 GB maximum storage space it is not 
possible to share a file of 4 GB with him until he is granted with more free space. 
Files are not allowed for editing online. For example, if a document is intended for 
editing, it must be downloaded first and then it must be uploaded back to a Dropbox unless the 
application is installed. Still editing is not allowed for more than one user at a time. 
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In case of opening the document in file explorer in the computer, it is editable 
immediately. However, if there are two users editing the same document at the same time, 
changes made by both users will be saved in two different files. 
3.2 Google Drive and Google Apps 
3.2.1 Features 
Google Drive services were launched in 2012 [5] and they provide more than just storing 
services. Google Apps are also part of Google Drive and it consists of three main parts that are 
often used for project planning – Google Docs, Google Sheets, and Google Slides. Equally to 
Dropbox Google Drive can be installed as an application in a computer and portable devices, 
but number of supported devices is limited. The application is supported only by Microsoft 
Windows, OS X, Android, Chrome OS, and iOS. Initial storage space is 15 GB and it is shared 
for all Google services (Drive, Docs, Sheets, Slides, Forms, Gmail, etc.) [5]. 
3.2.2 Advantages 
Every new user has the initial storage of 15 GB and it is assumed it is enough store space 
for basic office or project planning work. In contrast with Dropbox, invitation of friends or 
colleagues to the service to earn more free space is not necessary. Storage extensions are paid 
and there are five possibilities of extension. 
With respect to the thesis topic and usage in non-profit organisation we will focus solely 
on free services. 
Sharing possibilities are much wider than in case of previous Dropbox services. Files and 
folders can be shared with users with or without Google account again, but furthermore access 
right can be assigned to them. The privacy of file is managed by the owner of the file and the 
owner is also allowed to set rights to shared file. There are three types of rights – can view, can 
comment, and can edit [6]. 
Again there is possibility of installation of Google Drive application and a shared folder 
occurs in file explorer in user’s computer. User can obtain a link to the file directly from the 
folder and then share it with colleagues or friends. Files dragged into shared to folder are 
accessible from both, shared folder and online web application. 
Sharing and editing of one document simultaneously by more users in Google Apps is 
possible in real time as it is part of Google Drive. Unlike Dropbox services documents can be 
edited directly in an internet browser in Google Apps. This is a great advantage compared to 
Dropbox. 
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3.2.3 Disadvantages 
The first disadvantage of Google Apps is a little difference in control icons and buttons 
compared to Microsoft Office. Microsoft office is the most widespread office software and it is 
understandable it may confuse some unexperienced users in the first moment. 
The second disadvantage is a limited shared storage space. The storage space is consumed 
by all documents created in Google Apps and subsequently a Gmail account storage space is 
consumed too. 
As it was said above invitation of friends and colleagues does not increase storage space. 
It is necessary to pay for earning more space. The largest storage space is 200 GB and there is 
currently no way how to obtain unlimited storage. 
Even though Google Apps allow you to open Office documents there are sometimes 
trouble with formatting in documents. Formatting made in Microsoft Office is usually broken 
after opening of the file in Google Apps. 
Only 50 users can edit one document at a time. Other users are allowed to access the 
document but they are not allowed to edit it. They are also not visible to editors. The total limit 
is 200 users per file [6]. 
3.3 Microsoft Office 365 
3.3.1 Features 
Microsoft Office has a new feature called Office Online. To simplify it is online version 
of Microsoft Office and Word Online, Excel Online, PowerPoint Online, OneNote Online, 
OneDrive, Outlook.com, Calendar, and People are included. For the purpose of the comparison 
of Google Apps and Microsoft Office 365 only Word Online, Excel Online, PowerPoint Online 
and OneDrive will be described. 
Devices with Android, Windows, Mac, and iOS are supported for Office Online. It 
includes cell phones, tablets and desktop computers. Beside classic Office applications there is 
also available OneDrive cloud storage with 15 GB of free space [8]. 
3.3.2 Advantages 
There are also 15 GB of initial storage space as Google Apps provide. 1 TB of free cloud 
space can be bought in a personal package of Microsoft Office services. 
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Sharing possibilities are quite equal to Google Apps. There are two possibilities of 
documents sharing. The first possibility allows user to edit documents. The second sharing 
possibility provides user with rights to view and comment documents. 
Simultaneous access to one document editing is provided and it is allowed to up to 300 
users at a time. 
Files can be shared from both, installed shared folder in user’s PC and online web 
application. Installed shared folder application works similarly as it works with previously 
mentioned cloud services. The application is preinstalled in operating systems Windows 8 and 
higher. The difference will be described in subchapter 3.3.3 Disadvatages. 
Office Online provides its owner with more services. All these services including services 
mentioned above have great advantage of GUI similar to classic offline Microsoft Office. It 
helps unexperienced users to migrate to online services and it provides them with a familiar 
environment. 
3.3.3 Disadvantages 
There are some versions of Office 365 that do not support Windows XP and Windows 
Vista but these are paid versions and thus we do not concern them in this thesis. 
The second disadvantage as with Google Apps is limited free storage space. 
The biggest disadvantage is that if user creates a new account for signing into operating 
system, OneDrive requires signing in by users Microsoft account and it is linked with account 
for signing in operating system. That means user is not allowed to use shared folder in his PC 
unless he is signed in by his Microsoft account. 
4 Technical specifications of described systems 
4.1 System requirements 
There are missing information about system requirements of Google and Dropbox 
services. I believe it is because these applications can be run without installation in web 
browser. Microsoft Office 365 contains offline programmes and thus there are necessary system 
requirements. One synchronization folder is provided by Google Apps and Dropbox and then 
all other work is done via web browsers. Google Apps include Google Docs, Sheets and Slides 
and desktop shortcuts will be provided after installation. Shortcuts serve for opening default 
browser on the page with particular app. 
 10 
 
Table 1: System requirements of described clouds (Microsoft website [8], Dropbox website [3], Google website [5]) 
Cloud service Microsoft Office 365 Dropbox Google Drive and 
Apps 
Processor 1 GHz N/A N/A 
Memory 1 GB (2 GB) 512 MB N/A 
Hard disk 3 GB Equal to computer  
storage 
N/A 
Graphics and 
resolution 
Resolution 1024x768 N/A N/A 
Operating system Windows 7, 8, 8.1; 
Windows Server 
2008; Windows 
Server 2012 
Mac 10.6 or higher 
Windows XP, Vista. 
7, 8, 8.1 
Mac 10.6 or higher 
Ubuntu 
Windows XP, Vista. 
7, 8, 8.1 
Mac 10.6 or higher 
Ubuntu 
Browser Internet Explorer 9 
Mozilla Firefox 12 
Safari 5 
Chrome 18 
or higher versions 
Internet Explorer 9 
Mozilla Firefox 3 
Safari 3 
Chrome 18 
or higher version 
Internet Explorer 
Mozilla Firefox 
Safari (not for 
Windows) 
Chrome 
According to information regarding system requirements it is necessary to keep in mind 
that cloud systems discussed in the thesis are mostly run from web browser so the requirements 
are stated by system requirements of supported browser. From the point of view of supported 
browsers are all systems equal. From the point of view of supported operating system, which is 
also important, Microsoft Office 365 is not supported by Ubuntu. Ubuntu as a free operating 
system is important especially in NGO, where a lot of members are using free systems. 
4.2 Methodology of download and upload speeds measurements 
There were no data concerning upload and download speeds of tested cloud systems 
available. From available method I choose to measure upload and download speeds of a file 
sample. The sample was an archive in RAR format and it consisted of pictures, music, videos, 
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and DOCX, PDF, PPTX, and XLSX documents – typical office environment files. The file was 
stored on the desktop of computer and it was uploaded to cloud from desktop and then it was 
downloaded again. 
The measurements were performed on typical manager office notebook, in this case it 
was Lenovo T410. Technical specifications of the notebook are following: processor Intel® 
Core™ i5 M 540 2.53 GHz, 4.00 GB RAM, 64 bit operating system Microsoft Windows 8.1 
Pro. 
The first step of measurements were obtaining download and upload speeds of the internet 
connection. Twenty tests of download and upload speeds were performed and then by 
arithmetic average (x) download and upload speeds were obtained. The tests were performed at 
www.rychlost.cz. 
The internet provider was UPC and provided service was UPC Fiber Power 40+. The 
provided connection was supposed to be with no aggregation or data limitations (UPC website 
[9]). 
Measurements were performed during a workdays from 9:00 AM until 3:00 PM from 
Monday until Friday. I assume these times are the best for simulation of office environment and 
usual traffic on the network because all employees are working and actively using the internet, 
cloud services including. 
Based on the errors computed at the end of this chapter the highest and lowest measured 
values are eliminated from the final results unless error variance of particular measurements is 
lower than 0.1. Eliminated values are marked by light grey colour in tables and they are not 
included in charts or computations of average values. 
x = 1n  M	
  [Mb/sec] 
x = 120  M
  [Mb/sec] x = 40.85 [Mb/sec] 
Equation 1: Computation of average value of upload and download speeds of the internet connection 
  
 12 
 
 Table 2: Download/upload speeds of the internet connection 
Measured values are visualised in a chart below and all values were linearized by trend 
line. According to the chart I believe the connection speed can be assumed as linear. 
 
Measurement M1 M2 M3 M4 M5 M6 M7 
Download 
[Mb/sec] 
41.8 41.8 40.5 40.4 40.2 40.1 40.5 
Upload 
[Mb/sec] 
4.1 4.1 4.0 4.0 4.1 4.0 4.0 
Measurement M8 M9 M10 M11 M12 M13 M14 
Download 
[Mb/sec] 
41.2 40.5 40.3 41.0 40.9 41.3 40.1 
Upload 
[Mb/sec] 
4.0 4.1 4.1 4.0 4.1 4.0 4.0 
Measurement M15 M16 M17 M18 M19 M20 
Average 
speed 
Download 
[Mb/sec] 
40.5 41.8 41.7 41.3 40.7 40.4 40.85 
Upload 
[Mb/sec] 
4.1 4.1 4.1 4.0 4.0 4.0 4.05 
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Chart 1: Download and upload speeds of the internet connection
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Then I signed in Dropbox and measured upload time of prepared file. The file size was 
378.68 MB which equals to 3,176,615,320 bits. Twenty measurements were performed and the 
same method was used for Google Drive and Windows OneDrive. 
Expected time for upload can be computed according to ratio of file size (378.68 MB  
397,076,915 B  3,176,615,320 bits) to measured average value of upload speed 
(4.06 Mb/sec  4,060,000 b/sec) with following equation: 
T	 = File sizeUpload speed [sec] 
T	 = 3,176,615,3204,060,000  [sec] T	 =, 782.42 [sec] 
Equation 2: Computation of minimal upload time according to the internet connection upload speed 
Table 3: Upload times of cloud systems 
  
Measurement TU1 TU2 TU3 TU4 TU5 TU6 TU7 
Dropbox upload 
[sec] 
1121.6 1125.0 1096.3 982.0 974.7 975.3 982.5 
Google Drive 
upload [sec] 
808.2 809.5 832.2 806.9 930.0 929.6 854.4 
OneDrive upload 
[sec] 
1326.0 888.9 869.1 902.2 880.4 887.8 879.5 
Measurement TU8 TU9 TU10 TU11 TU12 TU13 TU14 
Dropbox upload 
[sec] 
979.6 987.1 1062.3 985.6 972.9 975.4 978.1 
Google Drive 
upload [sec] 
807.9 810.2 809.1 842.8 853.6 894.1 812.7 
OneDrive upload 
[sec] 
881.6 870.9 883.6 888.0 891.4 900.7 895.4 
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x-./01/2 = 1n  T	
  [sec] 
x-./01/2 = 120  T
  [sec] x-./01/2 = 998.98 [sec] 
Equation 3: Computation of average upload time to cloud storage 
Minimal upload time was computed as 782.42 seconds and none of measured values or 
average values reached this time. The deviation can be observed in Chart 2: Upload times of 
cloud services. I believe this deviation is caused by simultaneously running processes in 
computer including internet browsing. 
Please keep in mind Y axis on following charts (charts 2 and 3) represents upload and 
download times and our concern is to obtain as short upload and download times as possible. 
 
Measurement TU15 TU16 TU17 TU18 TU19 TU20 Average time 
Dropbox upload 
[sec] 
974.8 979.3 981.3 980.3 986.8 978.6 998.98 
Google Drive 
upload [sec] 
809.9 812.3 807.5 846.5 808.4 815.4 831.35 
OneDrive upload 
[sec] 
875.9 879.4 895.8 883.3 884.9 881.2 886.16 
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After measurement of upload times download times were measured. There were again 
twenty measurements for each cloud systems and previously uploaded files were downloaded 
again. 
Expected time for download can be computed according to ratio of file size to measured 
average value of download speed (40.94 Mb/sec  40,940,000 b/sec) with following equation: 
T-	 = File sizeDownload speed [sec] 
T-	 = 3,176,615,32040,940,000  [sec] T-	 =, 77.59 [sec] 
Equation 4: Computation of minimal download time according to the internet connection download speed 
Table 4: Download times of cloud services 
  
Measurement TD1 TD2 TD3 TD4 TD5 TD6 TD7 
Dropbox 
download [sec] 
249.6 161.9 172.4 111.9 132.4 124.1 125.9 
Google Drive 
download [sec] 
81.0 92.1 88.2 87.9 86.5 87.3 86.4 
OneDrive 
download [sec] 
121.2 128.7 140.4 127.6 127.7 124.9 130.6 
Measurement TD8 TD9 TD10 TD11 TD12 TD13 TD14 
Dropbox 
download [sec] 
159.6 147.2 137.9 119.6 184.5 163.4 128.0 
Google Drive 
download [sec] 
86.1 89.5 87.1 89.4 97.1 95.3 86.8 
OneDrive 
download [sec] 
131.7 132.7 130.1 127.4 132.1 129.6 127.6 
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x--./01/2 = 1n  T-	
  [sec] 
x--./01/2 = 120  T-
  [sec] x--./01/2 = 143.30 [sec] 
Equation 5: Computation of average download time to cloud storage 
Computed minimal downloading time is supposed to be 77.59 seconds and again none of 
measured values reach it. However average download time of Google Drive is quite close with 
difference of 10.42 seconds. 
All measurements were performed during normal office work on PC with offline Word 
and offline Excel programmes running and internet browsing in progress. I believe this helped 
to simulate office environment on PC and measured values are expected to be as close to real 
values as possible. 
Measurement TD15 TD16 TD17 TD18 TD19 TD20 Average time 
Dropbox 
download [sec] 
119.5 198.6 134.1 111.2 136.9 121.5 143.30 
Google Drive 
download [sec] 
83.4 89.1 88.5 87.4 86.1 87.0 88.01 
OneDrive 
download [sec] 
126.1 128.5 127.6 128.7 129.4 127.3 128.79 
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Chart 3: Download times of cloud services
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Measured values provided us with opportunity for computation of approximate download 
and upload speeds of single clouds. Following equation was used for computation: 
U = FX-./01/2 ∙ 1089 [Mb/sec] 
U = 3,176,615,3201003.98 ∙ 1089 [Mb/sec] U = 3.16 [Mb/sec] 
Equation 6: Computation of cloud storage upload speed 
Where U stands for upload speed, F is size of uploaded file, and X-./01/2 is average time of 
upload. Similar equation was used for download speed: 
D = FX--./01/2 ∙ 1089 [Mb/sec] 
D = 3,176,615,320147.01 ∙ 1089 [Mb/sec] D = 21.61 [Mb/sec] 
Equation 7: Computation of cloud storage download speed 
Where D is download speed, F is file size, and X--./01/2 is average time of download. 
Table 5: Computed speeds 
 Upload speed [Mb/sec] Download speed [Mb/sec] 
Dropbox 3.16 21.61 
Google Drive 3.80 36.05 
Windows OneDrive 3.50 24.63 
As observed according to test results Google Drive is the fastest of tested clouds in point 
of view of upload and download as well. However, the speed of the internet connection is very 
often dependent on a number of connected users and their actions in the network. During my 
tests there were connected three other users and they were performing their usual operations. I 
believe that measured values are in a particular way affected by their actions. Even though I 
assume the goal of simulation of office connection was matched. 
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4.3 Measurements errors 
Errors in measurements were caused probably by human factor as the measurements were 
made manually. Other errors are probably caused by fluctuations in the internet connection 
speed. These fluctuations were probably caused by uneven usage of network and possible 
fluctuations in notebook CPU and RAM usage. 
Automatic actualizations of OS and other programmes were turned off during 
measurements and no other file was downloaded or uploaded in the time of measurements, but 
usual internet browsing remained uninterrupted. 
4.3.1 Absolute errors 
AE stands for absolute error, Mn is a measured value where n represents number of 
measurement, and :̅ is assumed real value. Average value was taken as real. 
AE = M> − x [Mb/sec] AE = 41.8 − 40.85 [Mb/sec] 
AE = 0.95 [Mb/sec] 
Equation 8: Computation of absolute error 
Table 6: Absolute errors of download and upload of the internet connection provided by UPC 
Measurement M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 
Download 
absolute error 
[Mb/sec] 
0.95 0.95 -0.35 -0.45 -0.65 -0.75 -0.35 0.35 -0.35 -0.55 
Upload absolute 
error [Mb/sec] 0.05 0.05 -0.04 -0.04 0.05 -0.04 -0.04 -0.04 0.05 0.05 
Measurement M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 
Download 
absolute error 
[Mb/sec] 
0.15 0.05 0.45 -0.75 -0.35 0.95 0.85 0.45 -0.15 -0.45 
Upload absolute 
error [Mb/sec] -0.04 0.05 -0.04 -0.04 0.05 0.05 0.05 -0.04 -0.04 -0.04 
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Table 7: Absolute errors of upload times 
Measurement M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 
Dropbox upload 
absolute error 
[sec] 
122.6 126.0 97.3 -17.0 -24.3 -23.7 -16.5 -19.4 -11.9 63.3 
G-Drive upload 
absolute error 
[sec] 
-23.1 -21.8 0.9 -24.4 98.7 98.3 23.1 -23.4 -21.1 -22.2 
OneDrive upload 
absolute error 
[sec] 
439.8 2.7 -17.1 16.0 -5.8 1.6 -6.7 -4.6 -15.3 -2.6 
Measurement M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 
Dropbox upload 
absolute error 
[sec] 
-13.4 -26.1 -23.6 -20.9 -24.2 -19.7 -17.7 -18.7 -12.2 -20.4 
G-Drive upload 
absolute error 
[sec] 
11.5 22.3 62.8 -18.6 -21.4 -19.1 -23.8 15.2 -22.9 -15.9 
OneDrive upload 
absolute error 
[sec] 
1.8 5.2 14.5 9.2 -10.3 -6.8 9.6 -2.9 -1.3 -5.0 
 
Table 8: Absolute errors of download times 
Measurement M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 
Dropbox download 
absolute error [sec] 106.3 18.6 29.1 -31.4 -10.9 -19.2 -17.4 16.3 3.9 -5.4 
G-Drive download 
absolute error [sec] -7.0 4.1 0.2 -0.1 -1.5 -0.7 -1.6 -1.9 1.5 -0.9 
OneDrive download 
absolute error [sec] -7.6 -0.1 11.6 -1.2 -1.1 -3.9 1.8 2.9 3.9 1.3 
Measurement M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 
Dropbox download 
absolute error [sec] -23.7 41.2 20.1 -15.3 -23.8 55.3 -9.2 -32.1 -6.4 -21.8 
G-Drive download 
absolute error [sec] 1.4 9.1 7.3 -1.2 -4.6 1.1 0.5 -0.6 -1.9 -1.0 
OneDrive download 
absolute error [sec] -1.4 3.3 0.8 -1.2 -2.7 -0.3 -1.2 -0.1 0.6 -1.5 
Absolute errors of the measurement reflect difference between real value, which is 
supposed to be average value of a measured download or upload, and measured value in 
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particular number of measurement. The highest and lowest differences are marked with light 
grey colour in tables above, unless all error variance is lower than 0.1. 
4.3.2 Relative errors 
Table 9: Relative errors of download and upload of the internet connection provided by UPC 
Measurement M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 
Download 
relative error [%] 2.33 2.33 0.86 1.10 1.59 1.84 0.86 0.86 0.86 1.35 
Upload relative 
error [%] 1.36 1.36 1.11 1.11 1.36 1.11 1.11 1.11 1.36 1.36 
Measurement M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 
Download 
relative error [%] 0.37 0.12 1.10 1.84 0.86 2.33 2.08 1.10 0.37 1.10 
Upload relative 
error [%] 1.11 1.36 1.11 1.11 1.36 1.36 1.36 1.11 1.11 1.11 
δ = 100 ∙ AAEx A [%] 
δ = 100 ∙ A 0.9540.85A [%] δ = 2,33 [%] 
Equation 9: Computation of relative error 
Table 10: Relative errors of upload times 
Measurement M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 
Dropbox upload 
relative error [%] 12.27 12.62 9.74 1.70 2.43 2.37 1.65 1.94 1.19 6.34 
G-Drive upload 
relative error [%] 2.78 2.63 0.10 2.94 11.87 11.82 2.77 2.82 2.54 2.68 
OneDrive upload 
relative error [%] 49.63 0.31 1.93 1.81 0.65 0.18 0.75 0.51 1.72 0.29 
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Measurement M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 
Dropbox upload 
relative error [%] 1.34 2.61 2.36 2.09 2.42 1.97 1.77 1.87 1.22 2.04 
G-Drive upload 
relative error [%] 1.38 2.68 7.55 2.24 2.58 2.29 2.87 1.82 2.76 1.92 
OneDrive upload 
relative error [%] 0.21 0.59 1.64 1.04 1.16 0.76 1.09 0.32 0.14 0.56 
Table 11: Realtive errors of download times 
Measurement M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 
Dropbox download 
relative error [%] 74.18 12.98 20.31 21.91 7.61 13.40 12.14 11.37 2.72 3.77 
G-Drive download 
relative error [%] 7.96 4.65 0.22 0.12 1.71 0.80 1.82 2.17 1.70 1.03 
OneDrive download 
relative error [%] 5.90 0.07 9.01 0.93 0.85 3.02 1.40 2.26 3.03 1.01 
Measurement M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 
Dropbox download 
relative error [%] 16.54 28.75 14.03 10.68 16.61 38.59 6.42 22.40 4.47 15.21 
G-Drive download 
relative error [%] 1.58 10.33 8.29 1.37 5.23 1.24 0.56 0.69 2.17 1.14 
OneDrive download 
relative error [%] 1.08 2.57 0.63 0.93 2.09 0.23 0.93 0.07 0.47 1.16 
As observed, there are multiple higher or lower errors in the measurement and I suppose 
these can be considered as random errors. I believe values, where such errors occur, can be 
eliminated from final results. However, in Dropbox download speed measurement significant 
errors occurred on multiple occasions, which may indicate that Dropbox service has not very 
reliable download speeds. 
4.3.3 Error variance 
Error variance determines deviation of measured values from average value [10]. The 
equation for computation of error variance is following. 
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σ = D1N (x − x)H
  [Mb/sec] 
σ = D 120 (41.8 − 40.85) [Mb/sec]
  
σ = 2.38 ∙ 108I [Mb/sec] 
Equation 10: Computation of error variance 
Where N represents number of measurements, xi is value of particular measurement and x is average value of measured values. The same equation was used for computation of error 
variance of upload and download speeds and times so in following result table there are two 
units according to the measured value. 
Table 12: Measurements of error variances 
Measured value Download speed 
[Mb/sec] 
Upload speed 
[Mb/sec] 
Dropbox upload 
time [sec] 
Google Drive 
upload time 
[sec] 
Error variance 2.38 ∙ 108I 3.97 ∙ 1089 22.35 16.59 
Measured value OneDrive 
upload time 
[sec] 
Dropbox 
download time 
[sec] 
Google Drive 
download time 
[sec] 
OneDrive 
download time 
[sec] 
Error variance 94.54 16.59 0.47 0.90 
 
4.4 Evaluation of technical specifications and measurements 
Minimal system requirements of tested cloud services (if specified) were compared in 
initial part of the chapter. I suppose minimal requirements for each tested cloud services are 
within parameters of current standard office computers. 
The second part of the chapter was focused on measurements of download and upload 
speeds of tested services. In effort to provide balanced results the conditions of office 
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environment were simulated. As was described above I believe the simulation was successful. 
One of the most important criteria is the ability to provide satisfying results during peak load. 
Google Apps provided the best results as it offered the fastest download and upload speeds. 
On the other hand Dropbox came out of the measurements as the slowest one and its 
download speeds were fluctuating the most of all tested services. 
5 Cloud system services comparison 
According to goal set in the first chapter there will be compared six attributes of cloud 
system services that are important for evaluation of the best cloud service solution for project 
management in NGO. These attributes are: Initial storage space of a cloud service, Upload and 
download speeds of cloud service, Sharing possibilities, Editing possibilities, Simultaneous 
editing, and Shared folder in PC hard drive. 
Cloud services attributes are evaluated according to examined, measured, and computed 
data in following table. 
Table 13: Final comparison of cloud system services 
 Dropbox Google Apps Microsoft Office 365 
Initial storage space 2 GB 15 GB 15 GB 
Upload speed 3.16 3.80 3.50 
Download speed 21.61 36.05 24.63 
Sharing possibilities 2 3 2 
Editing possibilities No editor included Editors included Editors included 
Simultaneous editing No Up to 50 users Up to 300 users 
Shared folder in PC Yes Yes Yes6 
                                                 
6
 Only if user is signed in Windows OS with Microsoft account. 
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6 Project – iKariera Career Fair at BUT 2014 
6.1 Features 
iKariera Career Fair at BUT 2014 is the biggest career fair for students and graduates in 
Brno. Students are offered part-time or full-time job applications and bachelors or master thesis 
assignments by 67 companies [7]. 
Workshops and CV revisions by company representatives are the newest services 
provided for students. All services connected to job applications and personal development are 
offered for students with no charge. 
The preparation of the project takes approximately a half of a year and usually about 20 
people are working on it. It all starts with contacting of exhibitors – companies that are 
interested in hiring or cooperation with students and graduates. Cloud services solution provides 
great tracking possibilities as it is possible to track all activities of each member and colleague 
on the project from anywhere. The second step is managing of a supporting programme and 
other fair aspects such as catering, stall preparation and many more. All these tasks can be 
tracked and even checked in a table saved in cloud. Various articles and texts are being prepared 
for PR campaign of career fair and these are being produced by PR team. The advantage of 
simultaneous corrections in cloud services is very helpful as every team member can work on 
articles at the same time and everybody can see changes made by their colleagues. 
6.2 Introduction of cloud systems into iKariera Career Fair at BUT 2014 
planning 
Files and document sharing is a key point of every project planning. Corrections of printed 
out posters, flyers and career fair guides during preparations of the fair are also very important. 
Cloud systems are supposed to provide these services without any difficulties. Large 
opportunities to share new versions of recently updated documents with basically immediate 
updates are provided by cloud systems and in case of cloud applications the changes made in 
the documents are made immediately. 
Two years ago IAESTE LC Brno started to use Google Apps and Dropbox services. 
Conversion to Google Services solely is currently planned as Dropbox was found not sufficient 
for all members as it is necessary to earn more space for efficient sharing. 
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Following chapters in a bachelor’s thesis will be focused on particular examples of use 
of Dropbox and Google services. Furthermore examination and comparison with Microsoft 365 
services will be added. 
6.2.1 Application of Google Sheets for the project 
Google Sheets is the most valuable application for our NGO. The power of the application 
is in its variability as it can be used for both, corrections of articles and for sharing of an 
information. There is a limitation of 2,000,000 cells per spreadsheet and up to the limit any 
necessary information can be shared. 
Table format is really useful also for tracking of various data in working process of our 
members and in communication with companies. 
Very important data for iKariera Career Fair in Brno are data about the size of companies’ 
own stalls. The other tracked data are for instance corrections of Career Fair Guide. These 
corrections are performed by company representatives and it is also important to track progress 
of corrections. 
The list of cooperating companies is written in the sheet and every member has his own 
assigned companies. It is possible to select multiple states of communication with company. 
Tracking of colleague’s work is available and it also provides an analytical comparison and 
procedures. 
It is great place for creation of various schedules. For instance we use one of the sheets 
for scheduling of a company presentation or company workshops at iKariera Career Fair. The 
solution of sharing the sheet among all members whose duty is to schedule presentation times 
is great as it is necessary to communicate with a company and thus it allows to work 
independently as it shows what times are still available and what times are already occupied in 
real time. 
Among these we use sheets for enrolling of prizes for Job Fair contests, catering budget 
allocation, list of stalls and many more. All our know-how is based on Google Sheets. 
6.2.2 Application of Google Docs for the project 
Google Docs are used mostly in our NGO for composition of articles that are used for PR 
campaign of career fair. The use of the Google Docs for corrections is easy and it helps us to 
comment mistakes and correction proposals. 
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Google Docs are also important tool for meeting records. These records are made from 
every meeting and especially when there is Skype meeting it is great that everybody can see 
meeting record immediately. 
Limitation of Google Docs is 1,024,000 characters per document and it is approximately 
569 standard pages. The limitation is regardless of the font size. 
6.2.3 Application of Google Slides for the project 
Google Slides are in our NGO used only for presentation of projects when there is need 
to present a new project or when somebody applies for coordination of a project. It is necessary 
to present every project to IAESTE Senate for approval. We do not use Google Slides very 
often. Prezi or Microsoft Office PowerPoint are usually used. 
6.2.4 Application of Dropbox and Google Drive for the project 
Dropbox was used at the very beginning of usage of cloud systems in IAESTE LC Brno. 
In these times Google Services were not so popular and members at the time probably did not 
know them. With increasing number of members and with bigger and bigger projects a 
necessity of larger storage space for document sharing came into a question. There occurred 
first problem with Dropbox – its limited storage space unless friends and colleagues are invited 
into the service or other ways to enlarge the storage are used. Even though, a few members 
enlarged their storage space on the cloud, others were not able to do it and thus there were 
trouble with sharing of documents, when amount of consumed space exceeded free space of the 
member with smallest storage. A lot of documents had to be sent via email services and whole 
sharing was problematic, so we started to look for a different cloud service. We experienced 
other services provided by Google beside Google Drive. 
Currently Google Drive is used for documents sharing. These files are mostly about to be 
send to a company for corrections. These are usually structured and creative pages in Career 
Fair Guide. The page must be sent to a company for correction if a composer prepared all 
articles and texts correctly. The Career Fair Guide is a brochure with approximately 130 pages 
and it is necessary to prepare basically each page separately for each company. These pages are 
uploaded on Google Drive and then each member with access rights can download them from 
anywhere he is. Posters and leaflets are also necessary to correct so they are also uploaded to 
Google Drive for corrections. All these printable materials are in PDF and every comment, 
suggestion, and remarks are noted as comments. 
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6.3 Comparison of Office 365 and Google Apps 
Microsoft Office 365 provides user with familiar GUI and a few features that are missing 
in Google Apps. It has the same GUI as users know from offline desktop version of MS Office. 
The most important feature of Microsoft Office 365 is possibility to synchronize your Dropbox 
account with it and then load documents right from your Dropbox storage without saving them 
into OneDrive. This is a feature that Google misses. Indisputable advantage in comparison to 
Google Apps is also ability to open DOC and DOCX documents from standard offline Office 
without reformatting of the texts. Format is lost for XLS and XLSX files as well, but it is not 
as important as with a document files. On the other hand for opening of the file in Office Online 
the file must be uploaded in OneDrive or Dropbox or it will not be possible to open it and 
Google Apps provides uploading directly from your computer. 
7 Conclusion 
Dropbox services, Google Drive and Google Apps, and Microsoft Office 365 were 
introduced as cloud systems and services discussed in the thesis. Systems were described and 
their advantages and disadvantages were introduced. 
Consequently project iKariera Career Fair Brno was described. The project is taken as a 
reference project. All discussed cloud systems were compared according to their suitability for 
project planning of the fair. 
From theoretical point of view Dropbox seems inefficient as there is possibility of 
duplicating files in case two users edit one file at a time and consequently there could be two 
different files with different editing. 
Google and Microsoft services provide better solution in their online editors. Google and 
Microsoft also provide better sharing options and larger initial storage. Eventual decision which 
one is better – Microsoft Office 365 or Google Apps is mostly up to user as these both provide 
fundamentally the same services. 
Practical part of the thesis is focused on upload and download speeds of tested cloud 
systems and services and on their application into the project iKariera Career Fair at BUT. 
From the point of view of upload and download speeds the best solution is Google Drive 
as its services were the fastest during my measurements. However, some measurement errors 
occurred during measurements. 
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Twenty measurements of upload and download speeds were performed during a week 
and not a single time any significant crash of the cloud in web browser was observed. I believe 
for reliability test there should be a longer period of testing and no conclusion can be made yet. 
According to practical use of browser version there are the biggest differences in GUI of 
each cloud system. Dropbox does not provide any additional services apart from file storage 
and every document must be edited by third party application. Unlike Dropbox, Google and 
Microsoft cloud services implement editors of tables, documents, and presentations. GUI of 
Microsoft Office 365 is familiar to probably every regular user of Microsoft Office and it 
provides equal services as its offline version. Google has a slightly different interface and thus 
user can find it more difficult to work with it. However, user familiar with Microsoft Office 
will not face considerable difficulties in getting acquainted to the new interface. 
One of the key results of the thesis was to recommend the best cloud solution for project 
planning in non-profit organization IAESTE LC Brno. Because of current solution is getting 
insufficient the main benefit of the thesis is simplification of the best cloud solution selection 
for the future. The selection should cover all necessary needs of NGO related with project 
management. 
The final result is not in favour of Dropbox that seems to be insufficient for deployment 
in NGO. Dropbox seems to be designed for simpler file sharing than for project management 
and thus it does not provide users with simultaneous editing of documents and it is not 
a sufficient solution for a non-profit organization. 
Google Apps and Microsoft Office 365 are more suitable for specified needs. Both 
services provide users with 15 GB of initial storage which I assume should be sufficient amount 
of space for general office work. Services that allow users to edit documents, tables, and 
presentations in real time by more users are also very beneficial. These services are the main 
reason why Google Apps and Microsoft Office are better solution than Dropbox. 
According to results in the Table 12: Final comparison of cloud system services the best 
cloud solution is Google Apps as it provides the fastest services of all tested cloud services. The 
initial storage space of Google Drive is 15 GB and it also includes editors of documents, tables 
and presentations and simultaneous editing of all of these. It provides users with three types of 
sharing rights. The last criterion was possibility of shared folder in user’s computer and it is 
provided too. 
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12.1 Abbreviations 
PC ............................................................................... Personal computer 
PDA ............................................................................ Personal data assistant 
NGO ........................................................................... Non-government organization 
SaaS ............................................................................ Software as a Service 
IaaS ............................................................................. Infrastructure as a Service 
PaaS ............................................................................ Platform as a Service 
IAESTE ...................................................................... The International Association for the 
Exchange of Students for Technical 
Experience (student’s organization) 
LC ............................................................................... Local Committee (of IAESTE) 
OS ............................................................................... Operating system 
HTC ............................................................................ High Tech Computer Corporation 
(smartphone devices designer and 
manufacturer) 
GUI ............................................................................. Graphical user interface 
N/A ............................................................................. Not available 
RAR ............................................................................ File archive format 
DOC, DOCX .............................................................. Document file format 
PDF ............................................................................. Portable document format 
XLS, XLSX ................................................................ Table sheet file format 
PPTX .......................................................................... Presentation file format 
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sec ............................................................................... second (time unit) 
GHz ............................................................................ Gigahertz (frequency unit) 
b .................................................................................. bit (basic information unit) 
Mb .............................................................................. Megabit 
b/sec ............................................................................ bit per second (information transmission 
unit) 
B ................................................................................. Byte (digital information unit) 
MB .............................................................................. Megabyte 
GB .............................................................................. Gigabyte 
TR ............................................................................... Terabyte 
MB/sec ....................................................................... Megabyte per second (digital information 
transmission unit) 
